Abstract Disparities are prevalent within healthcare. Racial and ethnic disparities have been described in the use of neuraxial labor analgesia, in the prevalence of some obstetric conditions, and in obstetric outcomes. The origins of these disparities are likely to be multi-factorial, with patient, provider, and systems-level contributors. One of the objectives of Healthy People 2020 is to achieve health equity, thus eliminating racial and/or ethnic disparities in care. In this review, we give an overview of disparities in obstetric anesthetic and obstetric care.
Introduction
Racial and ethnic disparities are pervasive in healthcare [1] . There is increasing awareness of the presence of disparities, and taking action to address them has become an issue of national importance. For the past three decades, the US Department of Health and Human Services (HHS) has been releasing the Healthy People objectives. The purpose of Healthy People is to provide evidence-based national objectives to improve the health of all people in the US. Since its inception, one objective within Healthy People has been to address racial and ethnic disparities. In Healthy People 2000 the objective was to reduce disparities; in 2010 the objective was to eliminate disparities; the current objective for 2020 is to establish health equity, thus eliminating health disparities [1] . With *30 % of the population identifying themselves as belonging to a racial or ethnic minority group, nearly a hundred thousand people are potentially affected by healthcare disparities annually [2] . Disparities have been identified in anesthesia and obstetrics. In this article, we will discuss the various definitions of disparities, and give an overview of disparities in obstetric anesthetic and obstetric care.
Definitions of Disparities
Multiple definitions of disparities exist. The Agency for Healthcare Research and Quality (AHRQ) defines a disparity as a difference or a gap that exist between two groups [3] . More recently, this definition has been updated to reflect that the differences should be statistically significant and larger than 10 %, indicating poor quality or access for the non-referent group (i.e. minority group) [1] . The Institute of Medicine, in contrast, defines a disparity as a difference that is not related to need, preferences, or the appropriateness of an intervention [4] . Finally, the World Health Organization defines a disparity as a difference that is not only unnecessary and unavoidable, but also unfair and unjust [5] . These three definitions fundamentally differ in the acceptability of differences between groups. Understanding the definition of disparities used by researchers becomes important in interpreting the results of studies, because not all differences are necessarily disparities if using a more liberal definition of disparities.
Whereas much of the literature discussed in this review focuses on disparities by race/ethnicity, it is important to note that there are several different methods for determining and defining race/ethnicity. Whereas prospective studies usually comment on the methodology used to determine race/ethnicity, this is not specified in most retrospective studies; therefore, the accuracy of the race/ethnicity data, and the effect on the measured disparities are unknown.
For example, one commonly used method involves hospital staff (or research staff) assigning the patients' (or research participants') race/ethnicity by appearance, spoken language, or some other method. The accuracy of this technique was evaluated in one retrospective study in which the race/ethnicity, was assigned to 15,102 patients at a Veterans Administration (VA) outpatient center by hospital staff and was then compared with patients' selfreported race/ethnicity [6] . Hospital staff could select from six categories: Hispanic, American Indian, African American, Asian, White, and unknown and/or missing. The self-reported race/ethnicity data used had been collected for another purpose. Overall, the agreement between assigned race/ethnicity and self-reported race/ ethnicity was best for White patients (76 %), and less for other racial/ethnic groups: 68 % agreement for African American, 57 % for Hispanics, 33 % for Asians, and 1 % for American Indians.
Two other commonly used methods for determining and defining race/ethnicity are surname analysis and geocoding. Surname analysis, as implied, uses patient's last name to identify their race/ethnicity (i.e. a patient with the last name Martinez would be assigned Hispanic ethnicity). Geocoding, recommended by the Institute of Medicine [7] , uses geographically coded data from the US Census to characterize people living within that zip code. In one study evaluating diabetes and cardiovascular care disparities, the magnitude of disparities by race/ethnicity were compared by use of geocoded data, and using self-reported race/ethnicity data [8] . The authors found that for all six measures evaluated, the disparities differed by less than one percentage point, suggesting that geocoded data may be used as a reasonable substitute for self-identified race/ ethnicity data.
Self-identification is regarded as the method of choice for data collection; however, with the increasing diversity in the US, patients may identify with more than one racial or ethnic group, and the categorical race options given on forms may not truly be representative of patients' true selfidentified race or ethnicity.
Origins of Healthcare Disparities
One framework for understanding the origins of racial/ethnic disparities was suggested by Kilbourne et al. [9] . Disparities were divided into those that originate at the patientlevel, provider-level, or healthcare system-level. Examples of patient-level disparities are those that arise from differences in patient knowledge or awareness of their treatment options, patient beliefs or treatment preferences, and/or cultural norms. In addition, trust in providers may affect whether patients accept physician's treatment recommendations, and this could contribute to measured disparities in outcomes. Trust in providers has been shown to vary by race/ ethnicity, with African American patients having a greater distrust of physicians than White patients [10] . Disparities also arise at the provider level. For example, a provider may counsel the patient, but in a manner that is not suited to the patient's informational needs, and therefore, the patient may not make an informed medical decision. It is also possible that provider bias exists, and that providers make different recommendations on the basis of patient race/ethnicity. Studies evaluating provider bias have had conflicting results. Schulman et al. [11] demonstrated there was a racial and gender bias in primary care providers' treatment of patients with chest pain. Physicians were asked to view two of six standardized vignettes and make recommendations for the hypothetical patient. In each vignette, the patient's age, gender, and race were varied. Using logistic regression, the authors found than women and African Americans were less likely to be referred to cardiac catheterization than men and Whites, respectively. When race-gender interactions were analyzed, African American women had a lower odds than White men (0.4; 95 % confidence interval, CI 0.2-0.7) of being referred for cardiac catheterization. In contrast, Tamayo-Sarver et al. [12] , also used standardized clinical vignettes for the management of three conditions (migraines, back pain, and ankle fracture), and did not find a racial/ethnic difference in the prescription of opioids for pain management.
Finally, disparities can also arise at the systems-level. One observational study, which used patient level-data on 13 quality indicators for process of care, found that racial/ ethnic disparities existed for eight of the thirteen performance measures [13] . Hospitals were then stratified into quintiles in each measure (i.e. top-performing hospitals were the top quintile and low-performing hospitals were in the bottom quintile). When logistic regression analysis adjusted for clinical characteristics and hospital site, the magnitude of disparities decreased substantially for most measures, suggesting that disparities may be a function of where minority patients seek care. In all likelihood, disparities are multi-factorial, with contributing patient, provider, and systems-level explanations.
Disparities in Obstetric Anesthesia
Racial and ethnic disparities in the treatment of both acute and chronic pain have been well documented [14] [15] [16] [17] [18] [19] [20] [21] [22] . Addressing disparities in the use of labor analgesia is of great importance, because childbirth is the most common reason for hospital admission in the US [23] , and labor is associated with severe pain [24] . Labor pain is most effectively treated with neuraxial analgesia [25] . Two large retrospective studies have revealed racial/ethnic disparity in labor analgesia use, with Hispanic and African American women being less likely to use neuraxial analgesia than White women [26, 27] . In 2004, Rust et al. [26] evaluated neuraxial analgesia use among White, African America, and Hispanic women using the 1998 Georgia Medicaid claims database. Twenty-nine-thousand, eight-hundred and thirty-three women met the inclusion criteria, of which 53 % used neuraxial analgesia. Neuraxial analgesia use was highest for White women, with use of 59.6 %. In contrast, Hispanic women had the lowest neuraxial analgesia use, with only 35.3 % choosing to utilize neuraxial analgesia. In a multivariable logistic regression model, race/ethnicity remained a significant predictor of neuraxial analgesia use, even after controlling for age, rural/urban status, and anesthesiologist availability (number of anesthesiologists in practice per 100,000 in the population). Glance et al. [27] , using similar methodology, evaluated the New York Perinatal Database for racial and ethnic differences in neuraxial analgesia use. In this retrospective study, 81,883 patients who delivered between 1998 and 2003 were included. A fixed effects logistic regression model was built to test the association between race/ethnicity and neuraxial analgesia use. Similar to Rust, Glance found that African American and Hispanic women were less likely to use neuraxial analgesia than White women, even after controlling for socioeconomic status, provider practice, and clinical characteristics of the women. The Joint Commission has mandated that appropriate pain management is a right for all patients, and an indicator of quality medical care, thus making disparities in analgesic treatment unjust [28] .
Although racial/ethnic differences in the use of neuraxial labor analgesia have been documented, the origins of the disparity are not completely understood. As previously mentioned, knowledge of analgesic options by minority patients may contribute to this disparity. Ochroch et al. [29] conducted a telephone survey of 1,193 patients scheduled for surgery at the University of Pennsylvania Hospital. Patients were asked questions regarding their knowledge, experience, and attitudes toward epidural analgesia. Most of the patients stated that they would accept an epidural if recommended by an anesthesiologist (64 %). However, univariate analysis found that patients who were African American, employed less than part-time, or had a less than a high school education were less likely to accept epidural analgesia than their respective counterparts. In a multivariable logistic regression model, the only variable that remained significant for not using epidural analgesia was African American race (OR 0.58, 95 % CI 0.41-0.81).
Two studies have evaluated knowledge of analgesic options by using differing methods. In addition to patient knowledge and understanding of analgesic options, other factors may contribute to patientlevel disparities in the use of labor neuraxial analgesia. One population-based surveillance study of 220,814 singleton vaginal deliveries evaluated disparities in neuraxial analgesia use over a two-year period in Canada [32 •• ] . Data from a regional perinatal database were linked to census data to obtain maternal income and educational level. Using generalized estimating equations, the authors found that women from the poorest income quintile were the least likely to receive neuraxial analgesia (odds ratio, OR, 0.59, 95 % CI 0.58-0.91) compared with the richest quintile. Neuraxial analgesia use similarly declined with decreasing educational levels (OR. 0.50, 95 % CI 0.48-0.52).
Another possible contributor to racial and ethnic disparities is health literacy. Health literacy is defined by the Institute of Medicine as the extent to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions [33] . Minority adults have been shown to have worse health literacy than White adults [34] . Lowliteracy patients are less likely to receive preventative care or be able to understand medical labels and instructions, and have a higher mortality than high-literacy patients [35] [36] [37] [38] . To date, the association between health literacy, knowledge and understanding of analgesic options, and the use of neuraxial analgesia has not been evaluated.
Culture and pain beliefs also may lead to different neuraxial analgesia use. Use of analgesic medications may be viewed as unacceptable in some cultures. Similarly, in some cultures, pain is viewed as part of the life cycle; therefore, it should be embraced and not treated. One large qualitative study (n = 100) evaluated the perceptions of culturally diverse women regarding the experience of pain during childbirth [39] . Women from six regions or countries were interviewed: North and Central America, Scandinavia, the Middle East, China, and Tonga. In many of the cultures, women found meaning in the pain experience. For example, several Hispanic women commented that the experience of the pain helped them feel closer to God; although neuraxial analgesia was available in the hospital, many chose not to use because they felt it might lead to, or be indicative of, other birth complications. In contrast, in the Chinese culture, in which use of neuraxial labor analgesia was similarly unlikely, pain had a more cultural meaning. One Chinese mother said, ''although it is painful, it is also easy because women have been having babies for thousands of years,'' and all mothers must tolerate this pain in order to have a baby.
The second level at which disparities in neuraxial analgesia may potentially originate is that of the care providers. As mentioned previously, there may be differences in the extent of counseling or in the content of analgesic counseling by patient race/ethnicity. It is also possible that the quality of communication between patients and providers differs because of patient race/ethnicity. Patient-centered care is defined as care that is respectful of and responsive to individual patient preferences, needs, and values, and that ensures that patient values guide all clinical decisions [40] . One component of patient-centered care is patient-provider communication, and it has been postulated that differences in this communication contribute to racial and ethnic healthcare disparities [41] . Some studies have revealed disparities in the quality of patient-physician communication [42] [43] [44] . One study evaluated patient-provider communication between 61 physicians and 458 African American and White patients [43] . Physicians were found to be 23 % more verbally dominant and 33 % less patient-centered in communication with African American patients than with White patients. These racial and ethnic differences in communication are not inconsequential, because more patient-centered communication has been shown to be associated with better patient recall of information, higher satisfaction with care, and better health outcomes [45] [46] [47] . Although the decision to use, or not use, labor analgesia is unique to each patient, with personal expectations, social values, and cultural norms affecting the decision-making process, ineffective communication may leave patients unaware of their analgesic options or fearful of side effects, even if they desire pain relief.
Qualitative research has been used to further understand the origins of disparities from the care provider's perspective. In-depth interviews are used to investigate beliefs, attitudes, and practices. Although no such study has yet been conducted to investigate analgesic disparities, relevant work in the medical setting has investigated provider's beliefs about why disparities occur. Using semistructured interviews with 26 physicians and nurses, four themes were identified: 1 minority patients are less likely to have the same access to care as non-minority patients; 2 the possibility of physician bias toward non-minority patients exists; 3 minority patients mistrust the medical system, so compliance in following provider recommendations is poor; and 4 non-minority patients may demand more care than minority patients [48] .
This list is by no means exhaustive, and additional explanations probably exist.
One additional explanation for these disparities is that providers underestimate pain in minority patients, or that providers are not knowledgeable about pain-management. Several studies evaluating management of cancer pain have found that providers tend to underestimate pain in minority populations [16, 49] . One study evaluated ethnic differences in the perception of labor pain. In this prospective observational study, 225 Jewish women and 192 Bedouin parturients were asked to report their pain in labor using an 11-point visual analog scale [50] . A Jewish doctor or midwife also evaluated the patient's pain. Although selfreported pain was similar for Jewish and Bedouin women, the medical providers rated the pain of the Bedouin women as lower than that of the Jewish women (6.89 vs. 8.52, P \ 0.001). Further study of the effect of language and patient-provider racial/ethnic concordance is still needed in obstetric anesthesia.
Finally, it is possible that systems-level differences may contribute to analgesic disparities. These may be at the level of the hospital or at the health care organization level. Examples of systems-based issues could be lack of providers trained to manage analgesic issues, lack of dedicated anesthesiologists to manage the labor and delivery unit, or lack of the necessary materials for analgesic management. No study has specifically evaluated systems issues as they relate to obstetric analgesic disparities, but extrapolation from the medical literature suggests that this may account for some of the disparities seen. Further work is also needed in this area.
Obstetric Disparities
The numerous obstetric disparities that have been described in the literature can be categorized as racial/ethnic disparities that occur in disease incidence, access to care or care process measures, or disparities that occur in medical outcomes. We will briefly discuss some of these disparities that have implications for anesthesiologists.
There is an increased incidence gestational diabetes in women of Hispanic ethnicity [51, 52] . This is probably related to the greater incidence of obesity in the Hispanic population compared with non-Hispanic Whites [53] . Diabetes, gestational diabetes, and obesity are all associated with an increased incidence of macrosomia, shoulder dystocia, and cesarean delivery [54] [55] [56] [57] [58] . There also seems to be an increased incidence of preeclampsia in minority women [59, 60] . One retrospective cohort study evaluated racial/ethnic differences in pregnancy outcomes for 32, 193 singleton births to parturients with gestational diabetes mellitus in California [59] . In that cohort, the prevalence of preeclampsia was higher for Hispanic and African American women than for non-Hispanic White women. Using multivariable logistic regression, the authors found that African American women were at greater risk of having preeclampsia than women of other races (adjusted odds ratio 1.57, 95 % CI 1.47-1.95). A case-control study which evaluated late ([48 h) readmission for preeclampsia similarly found that African American race was associated with an increased risk of hospital readmission for late preeclampsia [60] . Other studies have found ethnic heterogeneity in the prevalence of preeclampsia. One population-based cohort study evaluated 902,460 births in New York City over an eight-year period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) [61] . Logistic regression modeling which adjusted for maternal age, education, parity, pre-pregnancy weight, smoking, and year of delivery found that Mexican women were at highest risk of preeclampsia (adjusted odds ratio 2.9, 95 % CI 2.7-3.1) and Hispanic women of Caribbean descent were also at higher risk than non-Hispanic White women (adjusted odds ratio 2.0, 95 % CI 2.0-2.1). It has been suggested that the increased incidence of preeclampsia seen in several of these studies may be because of the confounding effect of comorbid obesity [51] . At least one study observed no racial differences in the incidence of preeclampsia in an obese cohort [62] . It is likely that both social and genetic factors contribute to the apparent increased incidence of preeclampsia in Hispanic and African American women [63] [64] [65] .
Important racial/ethnic differences have also been found in intrapartum and postpartum conditions and complications. Similar to maternal mortality, the incidence of postpartum hemorrhage has been increasing nationally and internationally [66] [67] [68] [69] [70] . In a recent randomized controlled trial evaluating three oxytocin regimens for prevention of uterine atony (n = 1,798), Hispanic ethnicity was an independent risk factor for uterine atony that required treatment (odds ratio 2.1, 95 % CI 1.3-3.4), as was nonHispanic White race (odds ratio 1.6, 95 % CI 1.0-2.5) [71] . Similar results have been found in epidemiologic evaluations of disparities in the incidence of obstetric hemorrhage. Using data from the Nationwide Inpatient Sample, a nationally representative database, Bryant et al. [72 • • ] evaluated racial differences in postpartum hemorrhage. In their sample of over two million deliveries there was a higher incidence of postpartum hemorrhage among women of Hispanic ethnicity and Asian/Pacific Islander race. African American women were at increased risk of severe hemorrhage, defined as hemorrhage requiring a blood transfusion or hysterectomy.
Race/ethnicity has been implicated in several important peripartum conditions. African American women have been found to be at increased risk of conditions such as peripartum cardiomyopathy and venous thromboembolic disorders [73] [74] [75] . For women with peripartum cardiomyopathy, being of African American race is associated with poorer recovery two months following diagnosis [75] . Thrombotic pulmonary embolism is one of the leading causes of maternal mortality in the US [76 • ]. Death from pregnancy-related venous thrombolic events is 64 % higher for African American women than for women of other races (2.64 deaths per 1,000 deliveries vs. 1.61 deaths per 1,000 deliveries, respectively) [77] . Evaluation of all-cause pregnancy related-mortality reveals a similar racial disparity. Berg et al. [76 • ] evaluated data from the Pregnancy Mortality Surveillance system from 1998-2005 and found the aggregate pregnancy-related mortality was 14.5 per 100,000 live births, which is the highest seen in the past 20 years. The pregnancy-related mortality ratio for White women was 10.2, versus 13.4 for women of non-White, non-African-American races, and 37.5 for African American women. The etiology of this fourfold difference in maternal mortality for African American women is unknown.
Conclusion
Disparities in obstetric anesthesia and obstetric care have been extensively documented. Further understanding the origins of these disparities is important to enable design of strategies to reduce racial and ethnic disparities in care. Solutions will probably need to be multi-faceted, with strategies targeted at the patient, provider, and care-system.
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